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ABSTRACT 


This thesis provides usage and cost data on programmable 
hand-held calculators (PHHC's) in the operating forces of 
Ege U. o. Marine Corps (USMC). In 1978 PHHC's that comput- 
erized aircraft performance charts were procured for USMC 
AV-8A pilots. During 1979 the U. S. Army successfully 
tested and began procuring a PHHC for use by artillery fire 
direction centers (FDC's). USMC artillery batteries will 
receive this PHHC in 1981. In 1980 the Army tested and 
approved procurement of PHHC's for mortar FDC's. In Septem- 
ber 1980 Beech Aircraft Corporation started selling a PHHC 
module which enabled Super King Air pilots to enjoy 10% fuel 
savings. In February 1981 Naval Air Systems Command began 
reviewing a proposal to provide a PHHC for the CH-53E. Each 
of these systems is described, and available cost informa- 
tion is analyzed. In order to do their jobs faster and more 
accurately, several individuals have written or purchased 
software for their personal PHHC's. Four examples which 


have application in the USMC are presented and explained. 
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I. INTRODUCTION 


A. GENERAL INFORMATION 

The evolution of the computer, and in particular the 
recent developments in programmable hand-held calculators, 
has not gone unnoticed by the military services. Many base 
facilities are taking advantage of the new minicomputers, 
microcomputers, and word processing equipment on the market 
today. The operating forces can foresee a need for rapid 
information processing and electronic decision support sys- 
tems; however, it must be portable, light weight, low cost, 
and not easily affected by the elements. 

In 1974 Hewlett-Packard (HP) introduced their HP-65, 
which was the first card programmable hand-held calculator. 
Until Texas Instruments (TI) began marketing their SR-52 in 
January of 1976, the HP-65 was without competition. The 
HP-67 introduced by Hewlett-Packard in June of 1976 had 
twice the capability of the HP-65. Texas Instruments re- 
placed their SR-52 with a much improved TI-59 in June of 
iev7eeeker. 1: pp. 9-10] 

The TI-59 was a state-of-the-art improvement in that it 
was not only card programmable but also "chip programmable”. 
The terms "chip programmable" and "module programmable" are 
sometimes used interchangeably. ee seal tty. earschip. 1S a 


tiny piece of silicon, and a module is the molded plastic 


; 





House eecOMeaiming the chip and the copper connectors 
through which the chip "communicates" with the calculator's 
operating system. A Texas Instruments module measures 11/16 
by 7/8 by 5/16 inch. It is inserted in a special opening in 
the back of a TI-59. Program instructions can be recorded 
on, or deleted from, magnetic cards by using the card read- 
er/card writer. Chips can only be encoded by a complex 
industrial process. One advantage of chip programming is 
that more information can be stored on one Texas Instruments 
Suipecian On ten of their magnetic cards. Since the TI-59's 
random access memory can only store, at any one time, the 
information on two magnetic cards, TI's chip programming in- 
creased by five fold the amount of information immediately 
available for automated processing by the calculator. This 
feature was not answered competitively until May of 1980 
with the advent of the HP-41C. As might be expected, the 
HP-41C is another step forward. It has more storage, con- 
stant memory, and improved alphanumeric capability. 

The TI-58 was introduced by Texas Instruments at the 
same time as the TI-59. The TI-58 is chip programmable by 
the same module as is the TI-59; however, the TI-58 does not 
have a card reader and has only about half the storage of 
the TI-59. Both have the same face plate and are identical 
ime size. A constant memory version of the TI-58 is now 
offered and is called the TI-58C. Texas Instruments has 


not, as yet, marketed a constant memory TI-59. 





During January of 1981 the TI-58C could be purchased for 
poe 25, the T1-59 for $199.95, the HP-67 for $299.95, and 
the HP-41C for $189.95. To be card programmable the HP-4I1C 
requires an attachable card reader which costs $169.95. In 
addition, the HP-41C can be programmed with an optical wand 
which reads bar code from standard paper. The optical wand 
is available for $109.95. Hewlett-Packard also markets the 
HP-41CV which is an HP-41C with additional built-in memory 
modules. The HP-41CV costs $239.95. For a package price of 
$394.95 you can purchase an HP-41CV and the plug-in card 
reader. [Ref. 2] 

Thermal printers are available for the TI-58/TI-59 
series programmable hand-held calculators (PHHC's). # Like- 
wise, Hewlett-Packard has a thermal printer for its HP-41C/ 
HP-41CV PHHC. The Texas Instruments printer costs $159.95, 
while $289.95 will buy Hewlett-Packard's printer. The 
prices for these printers and the prices for the PHHC's in 
the preceding paragraph were advertised nationally by a 
discount firm selling manufacturer-warranted equipment. 
[Ref. 2] 

During the period 15 August to 30 September of 19// the 
Ue aoa y Field Artillery School (USAFAS) conducted an 
evaluation of the feasibility of using card programmable 
hand-held calculators to derive aiming solutions for artil- 
lery cannons. This concept evaluation test was the forerun- 


ner of what is now formal usage of PHHC's by U. S. Army and 





U. S. Marine Corps artillery units. This is discussed in 
more detail in Chapter II. 

The card programmable calculator was not considered to 
be acceptable for formal usage as an aircraft flight plan- 
ning aid; however, the U. S. Marines were the first to 
identify and incorporate the chip programmable TI-58 as a 
means of computerizing aircraft performance data and mission 
planning tasks. Chapter II provides an in-depth analysis of 


this concept. 


Bae SGOPE 

This thesis will consolidate the body of information 
pertaining to PHHC usage in the operating forces of the U. 
S. Marine Corps (USMC). Accordingly, the scope of this 
study does not include PHHC usage at Headquarters Marine 
Corps (HQMC) or in the Marine Corps Districts. Usage in the 
Marine Corps Reserve is applicable. 

The thesis will analyze the programs currently being 
used and will report on the programs currently being consid- 


ered or under development. 


C. DEFINITIONS 

The term "formal program" is defined by this thesis to 
be usage which is developed and funded by the government. 

An "informal program" is defined to be usage which is 
conceived, implemented, and funded by an individual serving 


with the operating forces. 





be EURPOSE OF THE THESIS 

Pmecddueren co consolidating the body of information 
pertaining to PHHC's in the USMC, this thesis will investi- 
gate the way in which the software for the formal programs 
was produced. The information consolidation is contained in 
Chapters II and III. 

The U. S. Army used in-house programmers, both civilians 
and military, to write the software for the artillery appli- 
cations. After the software was written, verified, and 
emulated, the Army dealt directly with Texas Instruments for 
production and purchase of the customized modules, or the 
read only memories (ROM's) as the modules are sometimes 
called. 

By contrast, the PHHC's now used in Marine Corps AV-8A 
squadrons were procured via a firm fixed price contract 
between Naval Air Systems Command and McDonald Douglas 
Aircraft Corporation. 

In Chapter IV the cost of obtaining software by the 
in-house method is compared to the cost of obtaining it via 
amerouestde contractor. 

The diversity and extent of informal program usage are 
limited only by the ingenuity of the individuals owning or 
having access to PHHC's. Four different examples of infor- 
mal programs are cited in Chapter V. A program listing and 
instructions for running each program are included in the 


appendixes. 





E. RESEARCH METHODOLOGY 

Assisted by computer-generated searches, a review of the 
pertinent literature was conducted. Since this is a highly 
contemporary subject, much of the information has not yet 
been published. Accordingly, the research for this thesis 
included numerous telephone interviews. 

Telephone calls were made to the Naval Air Training and 
Operating Procedures Standardization (NATOPS) Officer at 
HQOMC, the NATOPS Officer in each of the four Marine Aircraft 
Wings, the Naval Air Systems Command Class Desk Office for 
each type aircraft in the Marine Corps inventory, a McDonald 
Douglas engineer, a McDonald Douglas technical publications 
supervisor, a Beech Aircraft customer service official, a 
new business representative at Texas Instruments, a Hewlett- 
Packard customer service official, a Hewlett-Packard custom 
ROM (read only memory) district manager, a Warrant Officer 
in the firepower branch at the Marine Corps Development Cen- 
ter at Quantico, Virginia, a Marine First Lieutenant in- 
Structing at the U. S. Army Field Artillery School at Fort 
Sill, Oklahoma, several artillery officers at Camp Lejeune, 
North Carolina, the test officer for the Army's PHHC Mortar 
Data Module Firing Program Evalution, several programmers 
who worked on the artillery PHHC modules, three former 
thesis authors whose subject pertained to PHHC's, and numer- 
ous other individuals known by this author to have special 


interest in programmable hand-held calculators. 


eZ 





Personal interviews were conducted with two officers at 
the Naval Aviation Safety School at the Naval Postgraduate 
School in Monterey, California and with an officer in the 
7th Division Artillery Headquarters at Fort Ord, Califor- 
nia. 

Each of the contacts mentioned in the above two para- 
graphs provided information, generally in the form of 
letters or publications, but sometimes just verbally. In 
addition, the four Marine Aircraft Wing NATOPS Officers each 
completed and returned a questionaire soliciting their 


opinions on PHHC usage by aircrews. 


es 








IT. EXISTING FORMAL PROGRAMS 


A. AVIATION APPLICATION 
1. Background Information 

In order to fly an aircraft near the edge of its 
safe operating envelope it is necessary to know the perfor- 
mance limits for the configuration and situation in which 
the aircraft is going to be flown. Those limitations can 
change drastically with temperature, altitude, wind, air- 
craft weight, and aircraft drag index. For example, an A-6 
aircraft may require as little as 800 or as much as 8500 
feet of runway to become airborne. On a day at 60 degrees 
Fahrenheit temperature at sea level an A-6 aircraft in a 
certain configuration will use 4500 feet of runway before it 
will fly. The same aircraft on a 90-degree day at 4000 feet 
above sea level will never become airborne regardless of the 
length of the runway. Another example involves the differ- 
ing amounts of fuel required to fly a certain distance as 
the mission changes. The A-6 may require as little as one 
gallon per nautical mile, or as much as five, depending on 
the number of bombs carried, the speed, and the altitude at 
which the mission is flown. 

Making the right decision regarding whether it is 
safe to fly in a certain configuration in a specific situa- 


tion necessitates a decision support system (DSS). The 
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following sections will describe the current DSS, its prob- 
lems, and how programmable hand-held calculators (PHHC's) 
can create a new DSS. The obstacles to incorporating PHHC's 
ass flight planning DSS's for additional aircraft will be 
discussed in Chapter IV. Recommendations on how the obsta- 
cles might be overcome will be offered in Chapter VI. 
2. The Current Decision Support System 

Each aircraft type has a different Naval Air Train- 
ing and Operating Procedures Standardization (NATOPS) flight 
manual. Section XI of this manual contains a performance 
data section. In the A-6 aircraft NATOPS manual, Section 
XI's 182 pages include 150 different figures and _ the 
instructions for using them. Figure II-1!, Figure [II-2, 
Figure II-3, and Figure II-4 are reduced-in-size copies of 
four of those 150 figures. Figure II-1 is used to determine 
the takeoff distance under all possible circumstances. 
Figures [I-2, II-3, and II-4 are used to determine the time 
required, fuel required, and distance required to descend to 
sea level from a specific altitude. These are only four of 
many types of computations which must be considered in 
rendering effective and Reece decisions regarding flight 
missions. 

3. Problems With the Current System 

Using NATOPS flight performance charts and graphs is 

so time consuming and tedious that many Naval Aviators and 


Naval Flight Officers avoid using the NATOPS manual when 
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Figure II-1 
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Source: A-6 NATOPS Flight Manual, page 11-19 
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Figure II-2 
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Figure I1-3 
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Source: A-6 NATOPS Flight Manual, page 11-163 


18 





Figure IL-4 
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doing their flight planning. Instead they substitute 
figures learned from experience or obtained from "rough 
gouge" cards they or someone else prepared for a stereotyped 
Situation. This is not a problem if the flight mission does 
not involve operation at or near the edge of the envelope. 
It can become a problem, with disastrous consequences, if 
any one of several parameters is violated. 

If inadequate aircrew planning occurs in the 
Following examples, loss of lives and equipment will most 
probably result. Increased temperature, increased eleva- 
tion, and decreased headwind component all cause a greater 
takeoff distance in order for an aircraft at a specified 
weight to become airborne. Attempting to takeoff with in- 
sufficient runway length for the specific aircraft weight, 
Or runway temperature, or runway elevation, or headwind 
component will result in a crash every time. Temis also 
true that altitude, temperature, wind speed, wind direction, 
aircraft speed, aircraft weight, and ordnance drag index 
have known effects upon the fuel required per mile flown. 
The result of running out of fuel while airborne can be 
predicted without reference to any NATOPS chart. 

Lieutenant Commander W. M. Siegel, an aeronautics 
student at the Naval Postgraduate School in Monterey, 
California, quoted an interview with the former Director of 
the Naval Aviation Safety School in regard to a one-hour 


test which was administered to sixteen officers attending 
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the Command Safety Course. This course is for commanding 
officers and executive officers. The test required that 
these pilots and naval flight officers compute the maximum 
range at which a specified mission could be flown. The 
director stated: 

Sot 1S aeceart incr styplecalemrace that the correct 
answer of 538 nautical miles was not achieved by any 
member of the class. The closest answer was in error by 
126 miles, and the spread of answers ranged from 336 to 
868 nautical miles. Additionally, the correct answer was 
attained by the class instructor only after a measured 
ath hours of effort with the NATOPS manual." [Ref. 3: 

4. An Improved Decision Support System 

In 1978 another Naval Postgraduate School aero- 
nautics student, Lieutenant Commander G. L. Koger, demon- 
strated that a programmable hand-held calculator (PHHC), the 
Texas Instruments Model 59 (TI-59), could be card programmed 
to compute data which previously had to be derived from 
NATOPS manual performance charts. [Ref. 4: pp. 90-138] 

Even before Major J. D. Restivo [Ref. 5], Seigel 
[Ref. 3], and Koger [Ref. 4] had presented their theses 
demonstating that NATOPS performance charts and graphs could 
be computerized, U. S. Marine Corps AV-8A Harrier pilots had 
recognized the need for a better DSS. [In August 1977 Naval 
Air Systems Command contracted with McDonald Douglas Air- 
craft Corporation "for development of an electronic hand- 


held calculator and delivery of 200 units." [Ref. 6] These 


calculators were delivered in June 1978; their usage was 
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Figure II-5 
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implemented immediately by Marine Corps AV-8A Harrier squad- 
rons at Cherry Point, North Carolina. The Harrier calculator 
is a Texas Instruments Model 58 (TI-58) with a modified face 
plate and a customized module. Figure II-5 is a picture of 
the Harrier calculator. The foreword to its operating 
instructions is reproduced, in part, below. 


"The AV-8A/TAV-8A V/STOL-REST Calculator has _ been 
designed to calculate the performance of AV-8A and TAV-8A 
aircraft easily. In essence, the entire Performance Data 
Section of the NATOPS Flight Manual has been incorporated 
into the calculator. The fit of the performance data for 
the Calculator has been done mathematically, while the fit 
for the NATOPS Manual was done graphically. This intro- 
duces some differences in specific performance points in 
certain cases, but these differences are small. 

The Calculator can be used for calculating all Verti- 
cal or Short Takeoff and Landing (V/STOL) and wingborne 
Range, Endurance, Speed, and Time (REST) maneuvers. The 
characteristics of an individual aircraft can be entered 
to provide the aircraft's maximum capabilities to the 


pilot. The possibility of error is greatly reduced when 
using the Calculator as opposed to the "reflector" and 
Remaice=around Charts in the NATOPS Manual." ere. 
p. 2] 


Although there have been no formal studies conducted 
regarding the time savings enjoyed by users of this calcula- 
tor, interviews with Harrier pilots indicate at least a 25% 
savings. No pilot interviewed said it required more than 
ten hours to become proficient in using the calculator, and 
one pilot reported 95% proficiency after only 1:5 hours of 
instruction and practice. The accuracy of the calculator- 
generated data is nearly 99% perfect, which is considerably 
more accurate than using the NATOPS charts and graphs where 


the width of a pencil line drawn on a most of the graphs 


as 





will limit accuracy to 95%. Accuracy can also be degraded 
in the manual mode if transfers between graphs on the same 
figure are not exactly parallel to the axes of the graphs. 
In order to facilitate in-cockpit use of the calcu- 
lator, a special strap was designed and procured which en- 
ables the pilot to strap the calculator to his leg in a 
manner similar to that done with the conventional aviator's 
kneeboard. For a variety of reasons, most of which are 
related to either the small size of the AV-8A cockpit or the 
high workload rate, a majority of the pilots found it was 
not practical to use the calculator during flight. Accord- 
ingly, the requirement for a strap was deleted from the 
contract specification of the planned-for AV-8C calculator, 


which will be discussed in more detail in Chapter IV. 


BPeeRULLLERY APPLICATION 
1. History of PHHC Adoption and Implementation 
a. Card Programmed Phase 

During the period from 15 August to 30 September 
of 1977 a Concept Evaluation Test was conducted at the U. S. 
Army Field Artillery School (USAFAS), Fort Sill, Oklahoma. 
This test employed the TI-59 in its card programmable mode 
to solve gunnery problems. Due to the encouraging results 
of this test, the USAFAS initiated plans to develop the PHHC 
as a “universal tool to be used for sound and flash, cannon/ 


lance gunnery, and survey procedures." [Ref. 8] 
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Although the Army published the TI-59 program 
Mescinegs and program operating instructions, the information 
was not to be construed as official doctrine concerning the 
solution of artillery gunnery problems. inwaddltlon, che 
Army published the flow charts and equations used to write 
the TI-59 program. This was to "allow programming of any 
other calculator with the same features and capabilities as 
the TI-59." [Ref. 8] Another PHHC with similar card pro- 
grammability was the HP-67. 

Due to the fragile nature of magnetic cards, the 
unpredictable reliability of the card reader in cold, wet, 
or dusty weather, and the inherent storage limitation of 
magnetic cards, the card programmed hand-held calculator was 
never adopted for doctrinal artillery use. 

A card programmed TI-59 can store up to 960 
program steps if no data registers are needed. For each ten 
data registers added by repartitioning, eighty program steps 
are not available. By contrast, a chip or module (the tech- 
nical term is ROM for "read only memory") programmed TI-59 
has 5000 program steps and 100 data registers available. In 
addition, the module is much less affected by weather than 
are the magnetic cards and the card reader. 

b. Module Programmed Phase 

To overcome the disadvantages of card program- 

ming and to exploit the advantages of module programming, 


the USAFAS developed and tested a prototype module. This 
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test was conducted during the period 12 December 1978 to 11 
May 1979. One objective of the test was to compare the 
Operational capability of the PHHC with FADAC (Field Artil- 
lery Digital Automatic Computer) in regard to the solution 
to indirect fire gunnery. One major assessment of this test 
was that the PHHC "can function as a backup or alternate for 
FADAC." [{Ref. 9: p. 1-6] That assessment was based on the 
Pomcime that there was no statistically significant differ- 
ence between the two systems" [Ref. 9: p. 2-9] in regard to 
(1) the accuracy of computed firing data and (2) the time 
needed to compute the data. The success of this testing and 
the Material Readiness Command's inability to logistically 
support FADAC in the 1980's led the Army to develop and 
procure nine different customized modules. Five of the 
modules are for five different cannons. The other four 


modules are used in ancillary artillery support roles. The 





January-February 1980 issue of Field Artillery Journal [Ref. 
10] contains an excellent article which explains’ the 
Features and capabilities of this new doctrinal application 
of the TI-59 to the needs of the field artillery. Army 
units have already received their "Computer Sets", as the 
Army has chosen to call this new usage of the PHHC. Marine 
Corps units will receive theirs during 1981. 

A "Computer Set, Field Artillery, General" con- 
tains a TI-59 (with no module), applicable technical in- 


struction manuals, and external power source connectors so 
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that the TI-59 can receive electrical power from any of the 
following four sources in addition to its own organic re- 
chargeable battery pack: (1) a jeep battery, (2) a standard 
vehicle cigar lighter outlet, (3) an AN/PRC-77 radio battery 
(BA 4386), or (4) a 115V 60 Hz outlet. All the above, plus 
the Texas Instruments printer for the TI-59, are included 
in the "Computer Set, Field Artillery, Missile", which is 
issued only to the survey information centers in the various 
headquarters. Any of the nine developed modules needed for 
the unit's mission are ordered separately. 
2. Comments from a Marine Artillery Officer 

In order to keep abreast of the evolving PHHC 
technology and its application to artillery, Marine First 
Lieutenant Edward A. Bream purchased a TI-59 and its asso- 
ciated printer during May of 1979. Using the TI-59 cannon 
program information in Reference 8, Bream was able, in his 
Capacity as a battery fire direction officer, to perform a 
personal feasibility evaluation of that program. In a 
letter solicited by this thesis author, Bream wrote that 
one of the advantages of the TI-59 over the manual methods 
is the precision in which data is determined. Bream suc- 
cinctly stated that: 

"Manual methods of determining target location involve 
the relative placement of pins on a firing chart, coupled 
with a variety of tools designed to numerically categorize 
the pins’ relationship to the chart and to each other. 
Imbued in this method, however, is the recognized error 


generated by the manual nature of the system itself. Al- 
though two charts are used as a countercheck for errors 
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against each other, comparative errors of thirty meters 
in range and three mils in deflection are acceptable. 
Error skews that develop simultaneously on both charts are 
almost totally undetectable. Generation of data by the 
TI-59 is developed along constant mathematical relation- 
ships which results in extremely accuate and refined conm- 
pugaclons .* 


The disadvantages Bream pointed out dealt with 
(1) the nature of card programming and (2) the power-source 
problems. These disadvantages are overcome by module pro- 
gramming and by adaptions for alternate sources of power as 


explained earlier. 
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Ill. FORMAL PROGRAMS UNDER DEVELOPMENT 


Pee vt AL ION APPLICATION 
1. The Marine Corps/Navy CH-53E Heavy Lift Helicopter 

Naval regulation requires that certain categories of 
transport aircraft be provided with a system for calculating 
center of gravity under all possible load conditions. In 
the past this has been accomplished by procuring, at consid- 
erable cost, a specially designed slide rule. In May of 
1980 Naval Air Systems Command requested that Sikorsky 
Aircraft submit an engineering change proposal to the CH-53E 
procurement contract which would substitute a PHHC for the 
center-of-gravity slide rule. The request stated, "Elec- 
tronic calculators are available for approximately the same 
price as the MIL-C-6092A balance computer." [Ref. 11] A 
CH-53E calculator similar in function to the AV-8A calcula- 
tor would be able to do certain performance calculations in 
addition to the center-of-gravity computations because the 
latter would only use a portion of the 5000 steps available 
in a TI-58 module. 

The Sikorsky proposal probably would have _ been 
quickly submitted except for one development. That develop- 
ment was Hewlett-Packard's newest PHHC, the HP-41C. Its en- 
hanced alphanumeric capability, increased storage capacity, 


and constant memory caused Sikorsky and Naval Air Systems 


Zo 





Command to agree that Sikorsky should take the additional 
time necessary to evaluate this new PHHC and how it could be 
employed in a flight planning decision support system role 
for the CH-53E. Accordingly, Naval Air Systems Command now 
expects Sikorsky will, during February of 1981, submit two 
proposals: One Mteme using gag Ti-=53 and ones for using an 
HP-41C. Naval Air Systems Commmand will evaluate both 
proposals and will select the one with the higher benefit- 
ee-cost ratio. 
2. The Beechcraft Flight Planning Computer 

Sikorsky's research and Naval Air Systems Command's 
analysis will both be made much easier and more accurate 
thanks to a Beech Aircraft Corporation innovation, an inno- 
vation which is truly a state-of-the-art breakthrough for 
flight planners. Diring September of 1980 Beech Aircraft 
Corporation introduced a flight planning decision support 
system (DSS) for the Beechcraft Super King Air, which is a 
twin-engine jet prop and is their top-of-the-line airplane. 
The military C-12B is a Super King Air with the heavy duty 
landing gear option. The DSS consists of an HP-41C with a 
custom module. The Beech module, a special keyboard overlay 
bor the HP-4i1C, and the operator's manual cost $910. The 
Peete NOt included in that price, but it is obviously 
required. PepEicber = tse OptLonal. The "Flight Planning 
Computer’, as Beech has named the DSS, operates thirteen 


programs to aid the pilot during preflight planning and 
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during flight. Brief descriptions of the thirteen programs 
are reproduced, in part, from the operator's manual and are 
contained in Figure III-1. PReee. Ic} The program named 
SAVE is likely to be the big selling point for the system. 
SAVE's function is to find the most economical altitude for 
any flight. In making its selection, SAVE considers (1) the 
cruise power setting, (2) forecast winds aloft, (3) and fuel 
required to climb to, cruise at, and descend from each legal 
altitude available during a flight. SAVE calculates the 
following: (1) total fuel and total time required for the 
flight at both the least-fuel and least-time altitudes, and 
(2) fuel saved and additional time required if the least- 
fuel option is selected over the least-time option. In the 
September 1980 issue of AOPA Pilot, M. F. Silitch reports 
enact: 

"Using a flight-planning computer to calculate mini- 
mum-fuel altitudes could result in fuel savings of about 
6,000 gallons a year for each Super King Air, based on 550 
Bemeeeenours of use.” [Ref. 13] 

Silitch probably based the 6,000-gallon figure on 
owners’ reports of 10% savings. im emuiise flight a Super 
King Air averages 100 gallons of fuel per hour or 60,000 
gallons in 600 hours. It is unclear whether the owners were 
claiming to have flown 10% more miles on equal amounts of 
fuel or were consuming 10% less fuel on equal mileage. In 
either case, assuming the pilot religiously selected the 


least-fuel option, it would be safe to forecast that Beech's 
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Figure III-1] 


Programs in the Beechcraft Flight Planning Computer 


KREEKKKEKKKKEKEKKEKREKRKEKRKEKK KKK KEKE KK KEK RK KKK KER KKK REE KKK KK KKK KKK 


Name 


SAVE: 


CISEMB : 


GRUISE: 


DESCENT : 


RHUMB : 


GREAT: 


TAS: 


WEIGHT: 


BOMEUTE : 


WIND: 


TREND: 


LOAD: 


START: 


Program Description 


Gives least-fuel and least-time altitudes and 
the differences in time and fuel between the 
CWO. 


Gives time, fuel, and distance required to 
cruise climb with zero wind. 


Gives engine torque setting, fuel flow per 
engine, and true airspeed values for recom- 
mended cruise power at 1/00 rpm. 


Gives time, fuel, and distance required to 
descend with zero wind. 


Gives rhumb line navigation distances’ and 
constant true heading from departure point 
to destination. 


Gives great circle navigation distance and 
initial true heading from departure point to 
destination. 


Gives Mach number, true outside air tempera- 
ture, and true airspeed during flight. 


Advises whether a specific airplane is loaded 
within center of gravity and weight limits. 


Works basic flight computer problems, such as 
distance/time = ground speed, and time X fuel 
flow = quantity required. 


Figures in-flight wind true direction and 
velocity. 


Provides values of deviation from standard 
for three engine operating parameters, which 
can be used as data points to plot engine- 
condition trend lines. 


Loads the empty weight, moment, and other 
special items for the specific airplane in 
question into the computer memory. 


Bees sUpmcalLCilatror DriOr CO Eirst run. 


to ob ob OO OO OOOO OOOO OOF 


KKEKKRKEKKKEKKKKKKKKKRKEK KKK RRERKRK KKK KR KKK KKK REE KKK KREKKEKK 


a2 





Flight Planning Computer would pay for itself in about the 
First 150 hours of flight time after its purchase. A pilot 
does not have to be a computer expert to use the Flight 
Planning Computer. It is programmed with 65,000 questions/ 
answers [Ref. 13] that lead the pilot through the programs. 
An example of this technique for each of the thirteen pro- 
grams is contained in the operator's manual. The initial 
actions are the same for all programs. First, turn on the 
HP-41C and push the key called NAME on the Beech keyboard 
overlay. Second, "NAME PLEASE" will appear in the calcula- 
tor display. Each of the thirteen programs has a one-word 
English name and also a two-letter Z-code. rover une aon 
example, the program SAVE, simply key in the letters spell- 
ing SAVE, or the code ZA, and press the key named NEXT on 
the overlay. The display will show the first of the series 
of questions listed in Figure [II-2. After the appropriate 
value is keyed in and NEXT is pressed, the next question 
appears. After these questions are all answered, the HP-4IC 
will display "WIND DATA <>", meaning it is determining what 
wind information is needed for the final solution. Next, a 
series of wind-related questions will be asked by the calcu- 
lator. Examples of those questions and their meanings are 
contained in Figure III-3. The calculator will repeat these 
three wind-related questions for pertinent altitudes based 
on the minimum and maximum altitudes specified earlier. 


lemme DBS P.A. = x,xxx?" (asking for the pressure altitude 
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meeure Lii-2 


Series of Questions Asked by Program SAVE 


KREKEKKKKKKKKKEKKKKEKEKKEKKK KEKE KKK KRKREKEKKKEKKKKEKKEKRKKEKKKKEKKKKEKEKKKEKKEKKK 


Question 
iO, Wr >= xx , xxx? 
Meow e eA. = X.XxXx? 
T.O. TEMP = x? 


Piste x,xxx? 


iu CRS 


MN AL 


MX AL 


AX 


XX 


XXX? 


ee 


i>. 0.0.44 


Meaning 


What is the takeoff weight of the 
airplane? 


What is the pressure altitude at 
the takeoff airport? 


What is the temperature in degrees 
Celsius at the takeoff airport? 


What is the distance of the trip 
in nautical miles? 


What is the true course of the 
esto 


What is the minimum altitude the 
pilot will accept? 


What is the maximum altitude the 
pilot will accept? 


et tt FF FF KH HF HF HF HK HK HF KH HF HK HK HK F 


KRKEKKKKKKKKEKEKKKEKEKKEKEKKEKKKKEKK EK KKEKEKKEKERKREKEKEKRKREKKEEKKEKKEKKERKEKRKEKEERK 
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Figure III-3 


Temperature and Winds Aloft Questions 


KREKKKEKKKRKEKKEKKKKKEKKKEKKEKEKKKKK KEKE KREKE KK KK KKEKEKEKREKKEKKEKKKKKEKKEKKEKKKK 


Question 
6K - DIR = xxx? 
6K - VEL = xx? 
6K = TMP = -xx? 


Meaning 


What is the direction of the winds 
at 6000 feet in degrees true? 


What is the velocity of the winds 
in knots? 


What is the temperature in degrees 
Celsius at 6000 feet. The - sign 
before the xx in the question 
reminds the pilot that many of 
these temperature entries will be 
negative numbers. 


+ + + + tH HH HH OF HF 


KREKEKKKKKKEKKEKKEKREKKEKEKR KKK KKK KKKEKEKKEKKKKEKEKREK KK KRKEKKEKKEKKKRKKKKKK 
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at the destination airport) will appear in the display. 
After making that entry and pressing NEXT, "STANDBY" will be 
displayed, meaning the entered data is being processed. 
After about /5 seconds, data regarding the least-fuel option 
will be displayed. If "29K,T3:48,F2,069" were displayed, it 
would mean that the altitude for the least-fuel option would 
be 29,000 feet, the time enroute would be 3 hours and 48 
minutes, and 2,069 pounds of fuel would be consumed. Press- 
ing "NEXT" will cause additional output, such as the recon- 
mended power setting at the least-fuel altitude and the 
altitude, time, fuel, and power setting for the least-time 
option. Also, the differences in time and fuel between the 
two options can be displayed. If a printer is available, 
all the output data is printed after NEXT is pressed. With- 
out a printer, it is necessary to press NEXT several times 
as there is more output than can be displayed at one time. 
For each of the programs, error messages are generated and 
displayed immediately following any input which is outside 
the normally expected value for that input. Examples of the 
error messages as they would be displayed are: "TOO HIGH", 
Pao ewOOmnewmmor LOO HOT’, or “TOO COLD", or “N/A INPUT", 
or "xxK TOO HIGH" (meaning climb to and descent from this 
altitude cannot be made without exceeding the total distance 
specified for the trip), or "xxK R/C LOW" (meaning the rate 
of climb at or before reaching this altitude is less than 


101 feet per minute). 
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The software for the Flight Planning Computer was 
written by a Beech employee/pilot named David Horwitz, who 
has a master's degree in electrical engineering. He did the 
programming in his own time and estimates the effort requir- 
ed 800 hours. In a telephone interview with this thesis 
author, Horwitz said he had tried to write similar programs 
on the HP-65 and the HP-67 but was unsuccessful due to the 
Mmimecena Limitation of those PHHC's. He found the TI-59 
could be satisfactorily programmed to computerize aircraft 
performance data; however, the human interface needed to run 
the programs was complicated and awkward. Accordingly, it 
was decided the average general aviation pilot did not have 
the time, background, or inclination to master such a pro- 
gram. Horwitz acquired one of the first available HP-41C's 
and found it to be ideal for the task he had in mind. After 
writing the software, Mr. Horwitz presented the concept to 
Beech management, who decided to validate the program and 
market the product as a service to Super King Air owners and 


Operators. 


B. MORTAR APPLICATION 

The successful testing and introduction of the TI-59 for 
service with the artillery was described in Chapter II. The 
operational capability of the PHHC to "perform fire direc- 
tion functions for mortars" [Ref. 9: p. 1-3] was evaluated 


during the period 12 December 1978 to 11 May 1979. This 
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test was made using magnetic cards programmed with ballistic 
constants. The test revealed that: 

"Dirt and temperature affected the cards and the cards 
were not universally interchangeable among calculators. 
At 20 degrees Fahrenheit (F), the calculator would not 
always read magnetic cards which had been programmed at 65 
degrees F. Setting up the calculator usually required two 
or three attempts to read the cards." [Ref. 9: p. C-1] 

In spite of these problems, one of the test assessments 
was that the PHHC: 

“has the operational capability to perform selected 
FDC (fire direction center) functions for 81-millimeter 
and 107-millimeter mortars." [Ref. 9: p. 2-16] 

In order to eliminate the problems associated with mag- 
netic cards, the U. S. Army Training and Doctrine Command 
(TRADOC) Combined Arms Test Activity (TCATA) developed and 
procured two custom Texas Instruments modules, one for 
8i-millimeter mortars and one for 10/-millimeter mortars. 
During the period from 3 to 6 March 1980 a Mortar Data 
Module Firing Program Evaluation was conducted at Fort Hood, 
Texas. The stated reason for the test was: 

"to determine if the use of a discrete mortar ROM 
module for the PHHC produced significant changes in the 
performance of mortar FDC's." [Ref. 14: p. 1] 

Specifically, the evaluation compared the performance of 
FDC's using TI-59's to the performance of FDC's using the 
Standard manual method of computing fire commands. At the 
Marine Corps' request, an excursion was included in the test 


scenario so that setup times in the battery-powered, hand- 


held mode could be evaluated. A major assessment of the 
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evaluation was that FDC personnel can compute fire commands 
and other ancillary functions faster and more accurately 
using the calculator than using the manual method. The 
shorter FDC setup times for the PHHC, as compared to the 
manual method, were statistically significant. 

As a result of this test, the Army decided to procure 
PHHC systems for each unit employing mortars. It is expect- 
ed that the mortar TI-59's will be supplied to Army units by 


late 1981. A purchase by the Marine Corps is pending. 
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iota PUTURE OF THE PHHC IN THE MILITARY 


Cost and user resistance are the primary and secondary 
obstacles which inhibit large scale adoption of formal pro- 
grams using PHHC's. Both of these problems will be analyzed 


in the following sections. 


a. COST 

Two different types of costs should be recognized when 
considering the procurement of any system. One is the non- 
recurring, developmental costs; the other is the incremental 
costs associated with purchasing an item after it has been 
developed. With PHHC's, the non-recurring, developmental 
cost includes the cost of writing the coded instructions 
which cause the calculator to perform. This is often refer- 
red to as software costs. The per-item price charged by a 
Manufacturer, such as Texas Instruments or Hewlett-Packard, 
could be thought of as the incremental portion of the cost 
of funding additional usage of PHHC's. 

There are also two different methods of obtaining the 
software. One way is to contract with a private corporation 
or consulting group. The other method is to have the soft- 
ware written by in-house, government programmers. Both 
methods have been used. Examples of the historical costs 


are presented in the following subsections. 
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imeoutside Contractor 
a. The AV-8A Calculator 

Two Hundred Harrier flight performance calcula- 
tors, described in Chapter II, were procured via a firm 
fixed price contract between Naval Air Systems Command and 
McDonald Douglas Aircraft Corporation at a stated cost of 
75,000. [Ref. 6] Additional units beyond the initial 
purchase of 200 were stated to be available at $125.00 each. 
(Ref. 15] Although not stated, that $125.00 figure was pro- 
bably only true for the next fifty calculators and for a 
batch of an additional 250 beyond that. The reason is be- 
cause Texas Instruments has a minimum charge for fabricating 
custom modules. That minimum charge is currently $12,500 
for 250 modules. The non-recurring, developmental costs 
would include (1) software costs, (2) cost of designing and 
fabricating the modified face plate, (3) cost of writing the 
user's manual, and (4) the cost of designing the special leg 


Serap. Thus, the contract price could be apportioned as 


follows: 
Incremental costs (200 @ $125.00) » 25,000 
- Non-recurring developmental costs ORC OU 
Total $175,000 


The contract was approved in August 19/77, and 
the calculators were delivered in June 1978. 
b. The AV-8C Calculator 
The AV-8C is scheduled as a follow-on model to 


the revolutionary vertical/short takeoff and _ landing 
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(V/STOL) close air support jet. McDonald Douglas submitted 
neowaewot 53I00,000 to provide 200 flight performance PHHC's 
for the AV-8C. That bid could be apportioned as follows: 
Incremental costs (200 @ $150.00) > SUMO 
Non-recurring developmental costs Za 000 
Total $300,000 
In this case, the non-recurring costs include the same items 
as for the AV-8A calculator except for the leg strap which 
was not a specification on the AV-8C calculator request for 
Bproposal (RFP). The AV-8C calculator contract was not 
awarded due to uncertainties during 1980 about funding for 
me aircraft itself. 

The following explanation is offered for the 
significant increase in the bid for the AV-8C calculator 
over the cost of the AV-8A calculator. Inflation in the 2.5 
years would account for a 30% increase above $175,000, an 
amount equal to $52,500. Thus, 52.5/(300-175) or 42% of the 
increase can be attributed to rising price levels. The oth- 
er 58% of the increase was explained by McDonald Douglas as 
being due to their having lost money on the AV-8A calculator 
contract. It is certainly necessary for private industry to 
make a profit. One way to insure that the profit is not 
excessive is through the use of competition. Competitive 
bidding is required by the Defense Acquisition Regulations 
unless one of the seventeen exceptions to the general re- 
quirement for competition exists. If an exception is grant- 


ed, the final price is determined by negotiation, a process 
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in which cost accounting standards play an important role in 
determining a fair estimation of the costs the contractor 
can reasonably expect to encounter. 
c. The Beechcraft Flight Planning Computer 
While the Beechcraft Flight Planning Computer 
was certainly not the result of a government contract, it is 


an example for which a stated price does exist. That price 


1S: 
HP-41C S90 [Ret. 2] 
Beech Module STOP ReE. 13 
Prices ton one SO) 


Price, tor 200 pe Z2Os eeu 

It should be noted that a direct comparison be- 
tween the Beechcraft Flight Planning Computer and the AV-8A 
Parrte: Calculator is not possible. The former has much 
more capacity and the latter is constrained by the lack of 
meewamem@erics im the T1-58. In other words, Harrier pilots 
have to learn which buttons control which functions and in 
what order the buttons must be pressed, whereas Beechcraft 
pilots merely have to respond to abbreviated English ques- 
tions that prompt each task. 

d. The Fleet Mission Program Library 

This library is maintained as a function of the 
Naval Tactical Support Activity whose headquarters is in 
Silver Springs, Maryland. The library is a collection of 
HP-67 programs which are used to aid a variety of the U. S. 


Navy's tactical missions. The only programs in that library 
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which have application in the U. S. Marine Corps are those 
pertaining to celestial navigation, which could possibly be 
used by Marine KC-130 squadrons. The programs which deal 
with weight and balance of the P-3 and S-3 aircraft could be 
Medenied for use on USMC aircraft. 

The labor-related cost of this program can be 
traced to a contract between the Navy and the Atlantic 
Analysis Corporation. In return for $45,000, the Navy 
receives one man year of programming assistance. This 
assistance involves (1) reviewing requests from the fleet 
for specific program applications, (2) writing the software 
for approved requests, (3) validating programs submitted by 
users for inclusion in the library, and (4) updating current 
programs as changes in procedures and equipment occurr. On 
an average, this contract produces twelve new, validated, or 
modified programs per year. An HP-6/7 program can be up to 
eyaesteps im length. [Ref. 1: p. 78] 

2. In-house, Government Programmers 

The artillery PHHC and the mortar PHHC are the 
primary examples of where the military has used its own 
employee programmers to write software for a formal, large- 
Seave, EHnC project. 

Cost accounting systems enable most large corpora- 
tions to accurately record labor-related and material-relat- 
ed costs and to allocate overhead costs to each project. 


Without a signicant amount of research (and permission/ 
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cooperation of the the U. S. Army to perform the research), 
it would not be possible in these examples to recapture the 
exact total cost of each project. The reason this informa- 
tion is not more readily available is because the Army did 
not elect to declare either the artillery PHHC or the mortar 
PHHC to be a "special interest item" as is done in a large 
procurement such as for tanks and other weapon systems. te 
that had been done, each item of cost would have been charg- 
ed to an account code reserved for the special interest 
item. 

In the case of the artillery and mortar calculators, 
the only formal records which can be analyzed regarding the 
non-recurring, developmental costs are those maintained in 
accordance with the U. S. Army Training and Doctrine Command 
(TRADOC) Management Information System (TRAMIS). Under the 
current generation TRAMIS, man days (MD) of effort are 
charged to an action control number (ACN). TRAMIS is under 
revision; TRAMIS-Improved, scheduled to come on line in mid 
1981, will capture not only the man hours but also the pay 
grade of the worker. Currently however, TRAMIS data is con- 
taminated in that it includes man days from employees at 
several different wage rates. A labor rate standard, which 
takes into consideration the mix of pay grades and MD, does 
not exist. Thus, it is not possible to determine an exact 
total for the labor-related costs. No material-related 


costs are available. Nor is it possible to make an alloca- 
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tion of the overhead costs. Travel costs might be obtain- 
able, but only by manually examining all the travel orders 
written during the period and being able to pick out the 
travel made in conjunction with the calculator project. 

In the case of the artillery calculator project, two 
different ACN's were actually used. PORE Hod morr ie Lalis 
established ACN 51665 during 1978 only to later discover 
that TRADOC had assigned ACN 36808 for the same project. 
Accordingly, ACN 51665 was not used after Fiscal Year (FY) 
poy 9. The following data has been extracted from TRAMIS 
records. 


Fel lod eee 180 


AGH 665 92 MD 45 MD 0 
ACN 36808 20) Ale ee 395 MD 
Peelatca ls 92 MD 462 MD 95 MD 


The MD accounted for above might be thought of as applying 
to the software developmental time required by three separ- 
ate subprojects of the main project. Those three subpro- 
jects would be: (1) development of the prototype module used 
during the 12 December 1978 to 11 May 1979 test, (2) devel- 
opment of the nine modules now available to artillery units, 
and (3) development of additional modules for expanded 
application of the artillery PHHC system. Unfortunately, 
the aggregated MD do not allow for that distinction. In an 
attempt to relate MD of programming effort to a specific 
module, a telephone interview was conducted with Mr. Donald 


Soe, Gluliano. 
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Mr. Giuliano, who has a master's degree in mathemat- 
ics, did the programming for the prototype module. He re- 
calls that the time spent on that programming task was from 
the last week in August to the last week in September of 
1978, or about twenty-two working days. Validation of the 
program and emulation, a step required by Texas Instruments 
for fabrication of the modules, required another three 
weeks. During this time, Giuliano was in pay grade GS 9 
step 1. It should also be noted that prior to starting the 
programming effort, Giuliano attended classes at the Field 
Artillery School to become acquainted with artillery terms, 
concepts, and procedures. His employment at Fort Sill 
meewally started in March of 1978. Viewed in a narrow 
sense, one might conclude that the direct labor cost to the 
Army was less than two months pay and benefits or about 
$5,000. However, another school of thought would attempt to 
include all the cost the Army would not have incurred had 
they contracted out the same programming effort. That 
estimation could include Giuliano's wages and benefits from 
March 1978 to January 1979, when he became actively involved 
in programming six of the nine modules in current use. Even 
using that broad definition of the total discretionary cost, 
simple calculation shows the total direct labor cost to be 
not more than $25,000. A rough approximation of the over- 
head cost associated with the prototype module might be 


eaetner o2),000. The direct material cost involved in this 
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software development would probably amount to less. than 
95,000. Added together, we have a sum of $55,000. 

One is now attempted to compare this $55,000 with 
the $150,000 derived to be the developmental cost of — 
Baer Ler calculator. However, while on the surface that 
might appear to be valid comparison of the developmental 
cost of two custom modules, the differentiating factors 
should be considered. The computerization of the Harrier 
performance data was a new effort. Not only was it a new 
effort for the Harrier, it had never been done for any 
aeererart. Dy "COnenadscy artillery. aiming solutions had 
previously been computerized for FADAC and also for earlier 
evolutions of TI-59 programs on magnetic cards. 

In his Naval Postgraduate School thesis, Koger wrote 
nine different TI-59 programs which computerized several of 
the A-7 aircraft performance charts. [Ref. 4: pp. 90-138] 
These nine programs were written in such a manner so that 
they would all fit within a 5000-step Texas Instruments mod- 
ule. In a letter solicited by this author, Koger estimated 
his programming effort required 400 man hours, plus or minus 
25%. This figure is reinforced by Seigel, who, in a tele- 
phone interview, estimated such an effort would require two 
man months, which computes to 352 man hours figured on the 
basis of forty-four, eight-hour days. Applying the $45,000 
contract between the Atlantic Analysis Corporation and the 


Navy as a guide to the annual cost of a programmer's ser- 


47 





vices, and using Koger's high estimate (400 + 25% = 500 = 
2.8 man months @ 176 hours per month), it would appear that 
the cost of writing the software for an aviation-peculiar 
Texas Instruments module is approximately $10,500. Exten- 
sive validation and emulation would perhaps require an addi- 
tional three man months, but the total direct labor cost 
should still be not more than $25,000. If the overhead cost 
were the same as the direct labor cost and if the direct 
Material cost were $5,000, the total would be $55,000. That 
is the same cost as for the prototype artillery module, even 
though different avenues were used to arrive at the figures. 
Admittedly, many of the assumptions, such as the cost of 
overhead, are only broad estimates and cannot be verified 
because the industrial firms with experience in this field 
consider the information to be proprietary. 

The Naval Weapons Center at China Lake, California 
certainly has the expertise to write PHHC software to com- 
puterize NATOPS performance data, but as yet, they have not 
been asked to perform such a task. 

In addition, it should be noted that the 182 pages 
of performance charts, graphs, and instructions in the typi- 
cal NATOPS flight manual did not come free. While that is a 
sunk cost in existing aircraft, it is certainly reasonable 
to suggest that for future aircraft the cost of generating 
NATOPS performance charts could be applied toward the cost 


of buying PHHC's with custom modules. It is not expected 
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that aircrews will be agreeable to giving up their paper 
charts until they have had more opportunity to be personally 
Eemvineced Of the viability of the PHHC to do the job. Thus, 
elimination of the traditional charts and graphs is a long 
term, rather than a short term, goal. 

Me@conertictomeuto tnis)section on the cost of formal 
PHHC systems, it should be stated that while using in-house, 
government programmers appears to cost less than it would 
cost to contract out the software development, this apparent 
lower cost cannot be proven. If the Army had chosen to 
account for the developmental cost via their job order cost 
accounting system, much more precise information would be 
available. This precise information, after being adjusted 
for inflation, could have been used as a benchmark for com- 
parison with contractors' bids on the software development 


of future PHHC sytems within the military. 


BeuUoeR RESISTANCE 
While cost is the undisputed king in the list of obsta- 
cles to additional formal programs using PHHC's, a smaller, 


but not to be ignored, obstacle could be termed "user resis- 
tance.” User resistance to potential computerization of 
NATOPS performance data has been expressed by reluctant 
naval aviators and naval flight officers in the following 


Manner: Gpmererwerurcens (2) 5) airerews will never learn to 


use NATOPS charts," (3) "nice to have but not essential," 
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and (4) "this may foster dependency while concurrently re- 
ducing a pilot's ability to use NATOPS charts properly." 
These objections are similar to those probably voiced by 
certain people years ago when asked by innovators if they 
would trade their horse and buggy for a car. The ready ac- 
Sepeance Of PHHC’s by Harrier pilots and Beechcraft pilots 
is reliable evidence that this new decision support system 
is a vast improvement. It is anticipated that the reluctant 
among us will become comfortable with PHHC's after seeing 
firsthand the time savings and increased accuracy which can 


be obtained by them. 
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V. INFORMAL PROGRAMS 


There is great opportunity to use PHHC's for a variety 
of tasks. They can reduce the burden inherent in the manual 
manipulation of numbers. Their perfect accuracy is degraded 
only by the person pressing the keys. Even this problem can 
be diminished by creative programming which generates error 
codes/messages for inputs which are larger or smaller than 
the normal parameters for that specific input. The PHHC's 
potential uses are limited only by the ingenuity of those 
individuals having access to PHHC's. Several military offi- 
cers with whom this author is acquainted have purchased 
PHHC's and have written programs to help them do their job 
better and faster. With TI-59's soon being available in 
USMC artillery batteries and perhaps later being available 
in mortar platoons also, more individuals will have a chance 
to harness the power of the PHHC. The Harrier calculator, 
with its modified face plate, is difficult to use as a con- 
ventional PHHC; however, it would be fairly easy to design 
an overlay which could be used to temporarily restore its 
original TI-58 keyboard appearance. This would enable its 
custodian to use it not only for flight planning but also 
for administrative problems. Even its flight planning ca- 
pacity could be expanded via the Texas Instruments aviation 


module, which is discussed in more detail in Appendix B. 
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Calculator Clout: Methods of Programmable Calculators 


by M. D. Weir, who is an Associate Professor at the Naval 
Postgraduate School, is recommended to those wanting to 
learn how to program the TI-58/TI-59. The book presents the 
basic elements of programming, including flow charts, lLoop- 
ing and branching, subroutines and Master Library programs, 
indirect addressing, and the use of magnetic cards. There 
are numerous examples illustrating programming techniques to 
solve problems in business mathematics, algebra and trigo- 
nometry, basic calculus, and random number methods. 

The following four sections will explain programs which 
can be used to solve arithmetic-related difficulties. Three 
of the program were written by military officers; the other 


by Texas Instruments’ programmers. 


A. NAVAL GUNFIRE PLAN FOR AMPHIBLOUS LANDINGS 

Navy Lieutenant P. M. Loring, a Naval Gunfire Liaison 
Officer at Camp Lejeune, North Carolina, wrote a program for 
his HP-29C to reduce the time it takes him to complete the 
naval gunfire portion of the planning for an amphibious 
landing. This planning includes measuring the bearing and 
distance from the anticipated location of the naval gunfire 
ship to numerous targets in the amphibious objective area. 
He found that when using the program it took only ten min- 
utes to do the planning for twenty-seven targets; whereas, 


it had required two hours to do it manually. 
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Loring also used the program after coming ashore during 
numerous exercises while attached to Battalion Landing Team 
3/8 during its deployment with Landing Force Sixth Fleet in 
the Mediterranean Sea. The HP-29C is not card programmable, 
but it does have constant memory, which permits its user to 
Surte le Off without losing the program. By having two sets 
o£ nickel-cadmium batteries, which could be recharged by the 
120 volt generator used to provide power for the Battalion 
Command Post, Loring expected to be able to use this program 
for extended periods of time. 

Although the Naval Gunfire Liaison Officers are opera- 
tionally controlled by the infantry commander, they are 
usually administratively attached to an artillery unit. 
Since several Marine artillery batteries will soon be re- 
ceiving TI-59's, Loring's Naval Gunfire Planning Program has 
been translated into Texas Instruments-type programming 
steps so that the program will be available for wider use. 
Program listings and the instructions for using both the 
HP-29C and the TI-58/TI-59 versions of the program are con- 


tained in Appendix A. 


B. AVIATION FLIGHT PLANNING 

Captain J. E. Bull served during 1978 as an A-6 aircraft 
bombardier navigator with Marine All Weather Attack Squadron 
533. One of Bull's collateral duties is known as "squadron 


navigation officer." Bull, then a First Lieutenant, had 
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purchased his own TI-58 and printer and the Texas Instru- 
ments (TI) Aviation Module. When tasked with the navigation 
and fuel planning for a squadron deployment from Cherry 
Point, North Carolina to Fallon, Nevada, Bull found the TI 
Aviation Module to be a great help in making the required 
computations. The deployment planning included in-flight 
refueling, which would permit a non-stop flight from Cherry 
Point to Fallon and also for the return flight. This use of 
airborne tankers intensified the need for precise time 
checkpoints and accurate fuel figures. Appendix B contains 
a copy of the printer tape generated for that return flight. 
The tape was generated by the Aviation (AV) Module's program 
number four (AV-04), which is entitled "Long Range Flight 
Plan." AV-04 is described in Appendix B. 

Bull also found considerable use for AV-02, "Flight Plan 
With Wind."  AV-02 determines the magnetic heading for the 
pilot to fly and the resultant ground speed based on (1) 
wind speed, (2) wind direction, (3) magnetic compass varia- 
tion, (4) true airspeed, (5) and true course. Using the 
fuel flow rate, the leg distance, the departure time, and 
the ground speed, AV-02 calculates the flying time, the 
estimated arrival time at the next fix, and the fuel con- 
sumption for each leg. After making the above calculations, 
AV-02 also computes the total time enroute and the total 
fuel required thus far in the flight. In a letter solicited 


by this author, Bull wrote that it requires forty-five 
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seconds for his TI-58 to make the above calculations. By 
comparison, he reported that it takes ninety seconds using a 
CR-3, which is an aviation-peculiar, circular slide rule. 
It is not uncommon for a flight to have twenty different 
legs. The Aviation Module would cut fifteen minutes off the 
planing time required for such a flight. 

Bull noted that AV-11, "Great Circle Flying", would be 
especially useful in preparing for a transoceanic flight. 
The characteristics of AV-11 and the other twenty-two pro- 
grams on the Aviation Module are all explained in detail in 
the manual supplied with the module. The module currently 


metails for $35.00. 


Seen ecuULATION OF PROMOTION COMPOSITE SCORES 

Promotion to Corporal and Sergeant in the USMC is deter- 
mined by a composite score which is calculated from such 
things as (1) rifle marksmanship score, (2) physical fitness 
test score, (3) number of essential subjects tests passed, 
(4) average duty proficiency score, (5) average conduct 
score, (6) time in grade, (7) time in service, (8) outside 
education courses completed, and (9) bonus points for having 
completed certain training. To the uninitiated, this might 
appear to be a simple addition exercise; it is not. The 
procedures to be used are detailed in Marine Corps Order 
Peo. Zor, It is somewhat complicated, and consequently, 


error rates reaching as high as 4% have occasionally been 
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known to occur. Depending on the skill and experience of 
the person calculating the composite score, the time requir- 
ed ranges from two minutes to five minutes. In addition, 
each calculation should be checked by a supervisor, which 
means another two minutes. An infantry battalion will have 
about 200 Lance Corporals and Corporals on whom a composite 
score must be computed each promotion period, of which there 
are usually four each year. 

First Lieutenant Edward A. Bream wrote a TI-59 program 
to automate the composite score calculation. He found that 
using the program reduced to less than a minute the time 
required to calcuate each Marine's composite score. By hav- 
ing two different persons compute each score and compare 
the results, mistakes caused by input errors are easily 
detected before the scores are published. A slightly modi- 
fied and partially optimized version of Bream's program and 
instructions for using it are presented in Appendix C. The 
program requires nearly all the capacity of a TI-59, which 
precludes the generating of error codes for spurious en- 
tries. This is not a problem as each score is calculated 
twice anyway, and any differences can be investigated and 


resolved. 


D. CALCULATION OF PHYSICAL FITNESS TEST SCORES 
The USMC physical fitness test (PFT) for males consists 


of a 3-mile run, two minutes of sit ups, and maximum possi- 
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ble pull ups. The raw score from each event is converted to 
a standard score by reference to a table in Marine Corps 
Order 6100.3H. To determine the overall PFT score, the 
training clerk extracts a number from the table, writes it 
on the score sheet, and adds up the three scores, a fairly 
simple task. In fact, the table's supporting algorithm is 
so uncomplicated that many Marines figure their score with- 
out looking at the table. Therefore, it was not difficult 
to write a TI-59 program which converts raw scores for each 
PFT event into standard scores and sums the three, arriving 
at the total. That program is explained in Appendix D and 
is offered as an example to encourage those who might be 


Bellctane to try their skill at writing PHHC software. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


The use of programmable hand-held calculators (PHHC's) 
in the operating forces of the U. S. Marine Corps has been 
initiated and survived operational testing.  AV-8A Harrier 
pilots have been using a PHHC with a custom module since 
1978. Its increased accuracy over conventional performance 
charts is widely acknowledged. The U. S. Army developed 
custom modules for use by artillery and mortar fire direc- 
tion centers. Soldiers are enthusiastic about the PHHC's 
portability and reliability. They are quick to point out 
the speed with which it performs. The most obvious areas 
for additional usage are other aircraft communities and 
Other artillery cannons/types of ammunition. 

The major obstacle to more wide-spread adoption of PHHC 
systems is the software costs. An important question is 
whether the software development should be done by govern- 
ment programmers or by private contractors. Ie is reconm- 
mended that strict cost accounting standards be used on any 
future projects where government programmers write the soft- 
ware for PHHC modules. This procedure will create a body of 
data regarding those costs. Alternatively, if the program- 
ming effort is contracted to private industry, competitive 
bidding should be employed unless an exception is granted in 


accordance with the Defense Acquisition Regulations. 
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For those who fear that computerizing aircraft perfor- 
mance data will require a new PHHC module with each NATOPS 
manual revision, it is pointed out that improved engines are 
only procured about once every ten years. Such a change 
requires flight testing to validate performance curves 
whether the end product is to be a revised chart in the 
NATOPS manual or a new module for the PHHC. 

A cost-benefit analysis regarding PHHC's is fairly easy 
to do for transport type aircraft. Data obtained from 
Beechcraft Super King Air owners indicate a 10% fuel sav- 
ings, which means the calculator paid for itself in less 
than three months of average use. POmercactical military 
mieeGatt, tactics rather than economy often dictates the 
miehewae at which an aircraft will fly its mission. How- 
ever, even these aircraft conduct a certain amount of train- 
ing in the cross country mode where 10% fuel savings could 
mean a lot of money. A-6 squadrons average about thirty 
hours per aircraft per month. If only three hours per air- 
craft per month were available for cross country training 
and if a Beechcraft-type PHHC were used to pick the most 
economical altitude, the 10% fuel savings would translate to 
about $200 per aircraft per month at $1.00 per gallon of jet 
fuel. Thus, it might take six months for the fuel savings 
to pay for PHHC's for the whole fleet of A-6's. A similar 
analysis could be made for other tactical communities. For 


aircraft which enjoy lower rates of fuel consumption, the 
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payback period would, of course, be longer. A fringe ben- 
efit is that tactically-oriented charts could also be con- 
puterized on the same module. Another way of looking at the 
costs and benefits is to predict that PHHC's, being easier, 
quicker, and more accurate to use, will probably prevent at 
least one accident during their life. One million dollars 
saved by one less accident would pay for all that aircraft 


community's calculators several times over. 
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APPENDIX A 


A CALCULATOR PROGRAM WHICH DECREASES THE TIME NEEDED 

TO DO THE NAVAL GUNFIRE PLAN FOR AN AMPHIBIOUS LANDING 

This appendix contains the program steps and the program 
Operating instructions for the Naval Gunfire Planning 
Program introduced in Chapter V. The program has four 
primary subroutines. Their purposes are: (ipa ecmcompure 
gun-to-target range in meters and bearing in mils grid given 
six-digit grid coordinates of the gun and a target, (2) to 
compute a six-digit grid coordinate given range and bearing 
data from a known point, (3) to convert mils grid to degrees 
Em@e, and (4) to compute the time of flight for a 5"/54 
round given the range. The original HP-29C program was 
translated to Texas Instruments program language. Instruc- 
tions on how to run the HP-29C program are presented first, 
followed by the HP-29C program listing and storage register 
uses. After that are the TI-58/TI-59 operating instruc- 


tions, storage register uses, and program listing. 


3% 


Operating Instructions for the 
HP-29C Naval Gunfire Planning Program 


Instruction/Type 

of Data to Enter/ Press 
Step Subroutine Name Input Key(s) Output 
ee Key in program 
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otep 


Oo bho 


Operating Instructions for the 


Instruction/Type 
of Data to Enter/ 


Subroutine Name inp 
Initialize 
Gun position X 
coordinate x 
Cimmposliion Y 
coordinate yyy 
Grid to true dec- 
lination (E= -) mils 
Mils to degrees 
conversion 6400+360 
5"/54 max range 23000 
5/38 max range 15500 
Meters to feet 
conversion Be oUcCew ol. 
59"/54 max time 
Or snihne ht Owen 6 
See note 1] 
Range and bearing 
Target position 
X coordinate XXX 
Target position 
Y coordinate yyy 


Compute bearing 
Grid coordinates 
Enter bearing mils grid 
Enter range meters 


Determine Y 
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HP-29C Naval Gunfire Planning Program - Continued 


Press 


Key(s) 
GSB 0 


Output 


Sor Z 


STO 4 


SCs 


SO we 
SO 2.0 
SO) 


S03. 2 


Sem 


GSB 1 


RS xxx X 100 


range in 
R/S meters 


BS Wiles eerid 
GSB 2 

R/S 

iRGjo X location 


R/S Yeeecaeion 





Operating Instructions for the 


HP-29C Naval Gunfire Planning Program - Concluded 


otep 


Wea . 


je 
Gea . 
D'. 


Note 1. 
a. Use 
b. Use 
eo Use 
d. Use 
e. For 


peep Instruction 


1 oom orm Fh "Oe © © © © © © © © 


Instruction/Type 
of Data to Enter/ 
Subroutine Name 


Mins grid to 
degrees true 


Bearing 


Time of 


Range 


step 5 
step 6 
step 7 
step 8 


LBL 0 
GRAD 
FIX Q 


Flight 


to 
to 
Co 
to 


compute 


Press 
Input Key(s) Output 
GSB 3 
mils grid Rvs degrees 
GSB 4 
meters Ev seconds 


range and bearing information. 


compute grid coordinates. 
convert mils grid to degrees true. 
GCempuee time or Elight tor a 5°/54 round. 
a different problem, simply enter the new data in 
accordance with the applicable step instructions. 


Program Listing for the 


HP-29C Naval Gunfire Planning Program 


otep Instruction Step Instruction 
20% Sie s35 39°. GSB 7 
ee RCL 1 40. REL 7 
Doe RO eZ al “= 
os - Ze R/S 
yee REL 3 or P ton R 
Bes ReL 4 Lae, SlOLs 
Zr. - 45. xy EX 
Zs eq Oy AO. SIO J 
28. R/S ee) RELao 
Zo xy EX 48. R@ice 
507, RiGee 7 49. te 
cule X Bie GSB 6 
a2. GSB 8 Di RG 2 
Bie GTO 1] Dies REL | 
Bae Bile Do. a 
oor. R/S Doe GSB 6 
56, RGIS Ds R/S 
Bia xy EX DOr xy EX 
38. re ag as GTO 2 
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step Instruction 


DO. 
Do 


LBL 9 
eas 
ENTER 
EEX 
2 
x 
RTN 
Lees 
x > 0 
RTN 
REL. 5 
= 


Program Listing for the 


Step Instruction 


70. 
Ae 
Ze 
a 
74, 
os 
POs 
fel 
LO 
Woe 
Sr 


Sue. 


HP-29C Naval Gunfire Planning Program - Concluded 


step Instruction 


RTN 82. Reu. oS 
eBoy go: a 
RGis-7) 84. RCL 9 

= 85. ~ 

RTN 86. GTO 3 
LBL 6 87. an, 4 

EEX 88. R/S 

2 89. REL, <0 
= 90. ~ 

RIN 91. Glan 
Pepe 92. Xx 

R/S 93: GTO 4 


Contents of the Storage Registers in the 
HP-29C Naval Gunfire Planning Program 


Register Number 


WH HOO OND Ww — © 


Contents 


not used 

target's X coordinates 

gun's X coordinates 

target's Y coordinates 

gun's Y coordinates 

6400 (mils in 360°) 

3200 (mils in 180°) 

16 (mils per grad) 

map grid to true declination 

6400 + 360 

23000 (max range of 5"/54) 

15500 (max range of 5"/38) 

meter to feet conversion 

167.78 (maximum time of flight 
immseconas fOr 4a 3/54 round) 
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Seep 


tae 


oa. 


o. 


Note 
a. 
b. 


Operating Instructions for the 
TI-58/59 Naval Gunfire Planning Program 


Instruction/Type 
Of Dataeto Enter/ 
Subroutine Name Input 


Read magnetic card 
or key in program 


Initialize 

Gun position X XXX 
coordinate 

Gun position Y yyy 
coordinate 

Grid to true dec- mils 


lination (E= -) 


See Note 1 
Range and bearing target 
subroutine XXX 
target 
SDE 
Grid coordinates range in 
subroutine meters 
bearing 
in mils 
Mils grid to 
degrees true mils 
Time of flight range in 
FOG. /I24 Tound meters 


bins 


Press 
Key 


R/S 


Rs 


R/S 


Rvs 


R/S 


R/S 


Display 


number 168 


same as 
input 


same as 
input 


same as 
input 


same as 
noes 


range in 
meters 


bearing in 
mils 


same as 
input 


xxx of the 
objective 


yyy of the 
objective 
degrees 


time in 
seconds 


Use step 5 to compute range and bearing information. 
Use step 6 to compute grid coordinates. 
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c. Use step 7/7 to convert mils grid to degrees true. 

d. Use step 8 to compute time of flight for a 5"/54 round. 

e. For a different problem, simply enter the new data in 
accordance with the applicable step instructions. 


Note 2. If a printer is used, each input entry and all 
output data for steps 3, 5, 6, 7, and 8 will be printed. 


kee eRe Ke Ke Ke Ke KR KR Ke Ke KR Oh UCU CU RhUl Rh UR hl CUCU mhUc Th hUcRmhU}hUc Thu RhUF 
Contents of the Storage Registers in the 
TI-58/59 Naval Gunfire Planning Program 


Register Number Contents 

0 not used 

1 target's X coordinates 

Z gun's X coordinates 

3 target's Y coordinates 

4 gun's Y coordinates 

5 not used 

6 not used 

7 not used 

8 map grid to true declination 

9 6400 + 360 
10 23000 (max range of 5"/54) 
11 15500 (max range of 5"/38) 

tz meter to feet conversion 
13 167.78 (maximum time of flight 
in seconds for a 5"/54 round) 

14 used during step 5 

15 used during step 6 


Be Fe er i a a i ee, a ee, le a, a a i a i a 


The following pages of this appendix contain the program 


listing for the TI-58/59 Naval Gunfire Planning Program. 
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Ae eNO 5 


FLIGHT PLANNING 
WITH AN OFF-THE-SHELF TEXAS INSTRUMENTS AVIATION MODULE 

This appendix will explain the input and output data as- 
sociated with the Texas Instruments Aviation Module (AV) 
program 04 (AV-04). As mentioned in Chapter V, AV-04 was 
used during the planning for a Marine All Weather Attack 
Squadron 533 (VMA AW 533) deployment from Cherry Point, 
North Carolina to Fallon, Nevada during 1978. AV-04 re- 
quires that a printer be used with the TI-58 or TI-59. The 
abbreviations on the printer tape and in the following text 


are defined as: 


WP = waypoint 
LAT = latitude 
LON = longitude 
GS = ground speed in nautical miles per hour 
FUEL = fuel in pounds at the beginning of the trip/leg 
BURN = fuel flow rate in pounds 
DIST = distance in nautical miles 
ETD = estimated time of departure 
ETE = estimated time enroute for the trip/leg 
ETA = estimated time of arrival 
EFR = estimated fuel required 
EFL = estimated fuel level at the end of the trip/leg 
LEG = the number of the leg to which the data pertains 
DLAT = degrees of latitude 
DLON = degrees of longitude 
[Sls total distance so far in the trip 
TC = true course for that leg 


LON, LAT, DLAT, and DLON are expressed in DD.MMSS, where DD 
means degrees, MM means minutes, and SS means seconds. ETD 


and ETA are expressed by reference to the 24-hour military 
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clock and are coded HH.MMSS, where HH is the hour, MM is the 
minutes past the HH, and SS is the seconds past the minute. 
The program is divided into three parts. First, the LON and 
LAT of each WP are entered in order into the TI-58/TI-59 and 
are printed in a group along with the WP number. Second, 
the average GS for the whole trip, FUEL, BURN, and ETD for 
Ee Erip are entered. In response, DIST, ETE, ETA, EFR, and 
EFL are computed and printed. In this example, EFL is a 
negative number because in-flight refueling will be conduct- 
ted. Third, for each leg, the GS and BURN are entered if 
they differ from the values used on the previous leg. Also 
entered during this third phase are the new FUEL and the new 
BiDeett they diffrer from the EFL and ETA values for the 
previous leg. A new value for FUEL was entered on LEG 11 
due to the aerial refueling. The output data for each leg 
Baeeeme third phase are LEG, DLAT, DLON, DIST, TDST, TC, ETE, 
ETA, EFR, AND EFL. The input and the output data are print- 
ed in groups by LEG. On the following pages of this appen- 
dix is a copy of the printer tape generated during the 
planning for the VMA AW 533 return trip from Fallon to 


merry Point. 
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APPENDIX C 


A CALCULATOR PROGRAM WHICH COMPUTES 
THE COMPOSITE SCORE 

USED IN THE CORPORALS' AND SERGEANTS' PROMOTION SYSTEM 

This appendix contains: (1) the format specified by the 
Marine Corps Promotion Manual for use in recording the 
scores and the derived ratings applicable to each factor in 
the composite score, (2) instructions for using a TI-59 to 
calculate the composite score, (3) a description of how the 
TI-59's data registers are used, (4) location and purpose of 
each label used in the program, and (5) the program listing. 

Using a TI-59 makes it possible to reduce both the re- 
quired calculation time and the inherent error rate in non- 
automated procedures. The program works with or without a 
printer. The advantages of using a printer are: (1) Since 
all input data is echo printed, it is easier to locate 
errors caused by spurious entries. (2) Additional time is 
saved because it is not necessary to fill in the blanks on 
the format sheet; merely write the Marine's name on the tape 
and attach it to the format sheet. The only optimization 
technique used in the program was to place those subroutines 
called most frequently at the top of the program listing. 

The acronyms used in this appendix are: 

CON COnadues 


Dr Gia iiciasae OG 
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DZ decrement and skip on zero 


ES essential subjects test 

GMP general military proficiency 
MSG Marine security guard 

NC not considered 

Ee physical fitness test 

PRO proficiency 

TIG time in grade 

ENS time in service 


eK eek KO KOK ke Kk wk Kk ke KR K ke KK KF KK KK KH KR KR RK RK OF 


Composite Score Format 


Line Rating 
1 Rifle marksmanship score: 
Cy 

2 Per: minus = (-) 

score minimum difference 
3 Essential subjects: (number passed = __) 
+ Subtotal 
5 GMP score (line 4 divided by _) 
6 GMP score (from line 5) X 100 
7 Average Duty Proficiency X 100 
8 Average Conduct X 100 
9 Time in Grade (months) Xo 
10 Time in Service (months) 
11 DI/Recruiter/MSG Bonus X 1 
| Self-Education Bonus X 10 
13 Composite Score (sum of lines 6 through 12) 


XK eek ew ee ell KUO RUCK UK CU Kl Kl hl hl KChUlU hl KRU hUR 


Wel 


Instructions for Using the 
TI-59 Composite Score Calculation Program 


Press 
Step instnuectlon Input Key (s) Output 
i. Repartition 2 OP 1/7 eae 
Dis Read sides 1, 2, 3 & 
4 of the mag cards 
Di Initialize E" y 
ce See Note 1 
=i, Enter rifle score oe A" Git ke 
rating 
6.a Enter Marine's age ot Be min accep- 
table score 
b. Enter PFT score XXX Oe PFT rating 
ve. Enter EST's passed x Di EST rating 
S. PRO marks: yey A same as 
See Note 2 input 
oO CON marks: rx B same as 
See Note 3 input 
EO) Enter TIG months C TIG rating 
fel. Emcer bio months D TIS rating 
fea. Enter DL/Recruiter/ See E Same as 
MSG bonus Note 4 input 
b. Enter Self-Educa- See R/S Composite 
tion bonus Note 5 Score 
Note l. 


LEVIGSis applicable for line 1, 2, and/or 3 on the Conm- 
posite Score Format, skip program instruction steps 5, 6, 
and/or 7 respectively. The criterion for NC is defined in 
the Promotion Manual for each case. Should step 5, 6, or 7 
be skipped, the zero in the next to the last group of 
numbers on the printout means NC. The program will compute 
the correct average. 
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Note 2. 

Enter each PRO mark applicable as directed in the Pro- 
motion Manual, and press A following the entry of each mark. 
The calculator program will compute the average of all marks 
entered. 


Note 3. 
Enter each CON mark applicable, and press B following 
the entry of each mark. 


Note 4. 

If no bonus is applicable, enter zero (0) and press E. 
If a bonus is applicable, enter the number of points autho- 
rized by the Promotion Manual and press E. 


Note 5. 
If the Marine is entitled to self-education bonus 
points, enter the number authorized and press R/S. 


Note 6. 

It is recommended that the program instruction steps be 
performed in numerical sequence so that the printout data 
can be easily related to the lines on the Composite Score 
Format. Step 3 MUST be performed before computing each 
Marine's score. Step 12 must be performed last. 


Note 7. 

A description of the printout for a typical case is pro- 
vided in the following example. The vertical spacing of 
numbers in the example corresponds to that on an actual 
per meout. 


200. rifle marksmanship score 

4.4 composite score rating for that rifle score 
thor Marine's age 

Ze Marine's score on the PFT 
ale composite score rating for that age and score 
ae number of essential subjects passed 
a5 composite score rating for passing that many EST's 
4.1 

4.5 PRO marks 

4.9 

4.3 

4.5 CON marks 

4.7 


vo 








480. 
450. 
450. 
Ome 
ee 
Or: 
iC. 
Poay™ 


reece eo ke Ke EK Ke KURO KOKCUC KRU KELCU RLU KrChUC MU KU KK KR KOU KhU KRU Rhu 


Register 


a ge eet eR eee ee ek 
wo CO NI OV Un & OW DO © 


months TIG 
composite score rating for that much TIG 


months TIS 
composite score rating for that much TIS 


DI/Recruiter/MSG bonus points 


self-education bonus points 


composite score rating for that much self-education 


composite score rating for the rifle score 
composite score rating for the Marine's PFT score 
composite score rating for the EST's passed 


(a 2et ate 100 = GMP rating 
average PRO mark X 100 

average CON mark X 100 

months TIG X 5 

months TIS X 2 

DI/Recruiter/MSG bonus points 

self education bonus points 

total composite score. 


Data Register Usage in the Program 


Usage 


used in converting the rifle score to a rating 
composite score rating for the rifle score 
composite score rating for the PFT score 
composite score rating for the EST's passed 
DSZ register - advances the tape before Step 9 
summation register for number of GMP factors 
summation register for PRO marks 

summation register for CON marks 

not used 

composite score rating for TIG 

composite score rating for TIS 

minimum acceptable PFT score for Marine's age 
PFT score less register 11 

last PRO mark entered 

last CON mark entered 

number of PRO marks entered 

number of CON marks entered 

DI/Recruiter/MSG bonus points 

composite score rating for self-education points 
total composite score 
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Numerical 
bocation 
in the 
Program 


mest ing 
001 


009 


O24 
034 
050 
067 
084 
091 


096 
105 
226 
Ze 
Zao 


264 
566 
eZ 
659 
670 
681 


Papciee babe 


ee 


1/X 


LNX 


ADV 


EY 
ee 
y% 


Be 


oe 
EE 


Dp” 


Labels Used in the Program 


TI-59 
code 
On 
that 


34 


32 


11 
te 
54 
23 
2S 
98 


10 
16 
45 
17 
33 


18 
32 
ig 
13 
14 
15 


Purpose 


converts PFT score to composite 
score rating 


converts rifle score to composite 
score rating 


used to enter each PRO mark 
used to enter each CON mark 
averages all PRO marks entered 
averages all CON marks entered 
prints EST rating 


advances tape before printing first 
CON mark 


initialization step 

used to enter rifle score 
PEIncserlile Gaeing 

used to enter Marine's age 
provides exit from routine that 
determines the minimum acceptable 
PFT score for the Marine's age 
used to enter the PFT score 
prints the PFT rating 

used to enter EST's passed 

used to enter months TIG 

used to enter months TIS 

enters bonus and computes total 


composite score 
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APPENDIX D 


A CALCULATOR PROGRAM WHICH COMPUTES THE 
PHYSICAL FITNESS TEST SCORE 
Listed below are the instructions for operating the 
TI-59 program which takes raw scores from the USMC male 
Physical Fitness Test (PFT) events and outputs the standard 


Beotces:rot each event and a total overall score for the PFT. 


Press 

Step Instruction Input Key Output 
i. Read magnetic card 

sides 1 and 4 See note 1] 
Enter number of 

pulls ups exes 2a A See note 2 
Bi: Enter number of 

sit ups og ao) B See note 3 
ce Enter run c€ime in 

min. & sec. moe ell 2 c See note 4 
Dis Compute total D See note 5 
Note 1. 


This program can be run with or without a printer for 
Baemei=5>9, if a printer is used, labels as described in the 
following notes will be printed along with the scores. 

Note 2. 
If the Marine achieves more than twenty pull ups, enter 


the number 20. This is because the program generates an 
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error message if a number greater than 20 is entered and key 
A is pressed. Moin pur posess OL LiLiustration, it could be 
assumed that the Marine whose score is being calculated had 
performed 78 sit ups and the calculator operator had cor- 
rectly entered 78 but had erroneously pressed A instead of 
B. In that case the printer tape will look like this: 


78 
PULLUP ENTRY INVALID 


imeeaddition, the display will flash 9.9999999 99> which 
represents 9.9999999 times 10 to the 99th power, the Largest 
number the TI-59 can generate. If a printer is not used, 
9.9999999 99 will be flashed to indicate an invalid entry 
has occurred. In either case, simply enter the correct nun- 
ber and press the correct action key. 

If, for example, 15 is entered, the output on the print- 
er tape will look like this: 


ie 
/ Sau 


Regardless of whether the printer is or is not used, the 
TI-59 will stop with 75 in the display after 15 is entered 
and A is pressed. 
Note 3. : 

If the Marine achieves more than eighty sit ups, enter 
the number 80. Otherwise, an error message is generated. 


If a number greater than 80, such as 81, is entered and B 


pressed, the tape will look like this: 


9: 





Sof UP ae INVALID 
Poem gewiblerlasn 9.9999999 99 to call attention to the 
invalid entry regardless of whether or not a printer is be- 
ing used. 
If, for example, 78 is entered and B pressed, the output 
on the printer tape will look like this: 


78 
PO) Sin 


teeeyeOr wlthout a printer, the TI-59 will stop with 96 in 
the display. 
Note 4. 

For the three-mile run, the number to be entered into 
the calculator is the minutes followed by a decimal followed 
by the seconds. For twenty-two minutes and fifty seconds 
Sxewemtry willbe 22.50. Since the PFT order directs that 
the timer only report the time in ten second intervals, 22.5 
could be entered instead of 22.50. Do not enter a number 
such as 22.55. The printer rape for such a time will look 
bike this: 


25 | 
71 RUN 


The calculator displays 71 after the computation to indicate 
the standard score for that event. 

If the calculator operator fails to press one of the 
number keys hard enough and doesn't notice that, for exan- 


Ducowecwoelaustead Of 22.5 is in the display prior to C being 
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pressed, the program will generate the following message if 
a printer is attached. 


Zo 
RUN ENTRY INVALID 


As in the previous cases, 9.9999999 99 will be flashed in 
the display to draw attention to the error condition. 
Note 5. 

After pressing D to sum the three standard scores, the 
TI-59 display will show the total. For the three valid en- 
tries discussed in the previous notes, the total would be 


242. The printer tape for the whole sequence will look like 


Bais: 
pS 
75. PUL 
78 
96 SIT 
228 
71 RUN 
24 eo 
Note 6. 


The steps may be performed in any order except that, of 
course, step 5 must be last. AEGeGessSeeD 59, the printer 
advances one space, and entries for the next Marine can be 


made. 


Kw aw ae we KO KX K & KF KK He KEK RK KH KEK KE KE HK KF KH KKK KE KR OK OF 


Contents of the Storage Registers in the 
Rico oe PPE score Calculation Program 


Register Number Contents 
0 not used 
1 Pullip en ery 
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Contents of the Storage Registers in the 
TI-59 PFT Score Calculation Program - Concluded 


Register Number 


2 


OWoO OAIDN £& WH HH © 0 OI ADDN FS 


m—_—a_e— oe eS i si est 


ho fh PO hf PS 
AML Ohw — 


Contents 


sit up entry 

ureen Gay 

pull up standard score 
sit up standard score 
run standard score 
Oba kieseore 

not used 

not used 

not used 

34.3 

100 

not used 

34. |} 

not used 

code to generate PULLU 
code to generate SIT U 
code to generate P ENT 
code to generate RU 
code to generate N ENT 
code to generate RY IN 
code to generate VALID 
code to generate PULL 
code to generate SIT 
code to generate RUN 
code to generate TOTL 


mek kim kK kK kK KK KK kK KK KK KK KK KKK KK KR KOK 


iieworOecammristetne. £0r the T1l-59 PFE Score Calculation 


Program is contained in the remaining pages of this appen- 


a x. 
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